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(57) [Sft] 

[Hi] <HX<r)W$mV'7W-> 

t #t-# ******* m?t i . 

( 1 00) S i K-7°GaAsg$2 0 
lt:n*-GaAsA'.y7r-l2 2 > n-GaAs? 
7>yKJI24, yyK-rGaAs>N*UTfl26. Zn 
H-7'GaAsSl 6£xt'*dfv-WMfcK$-£9 0* 

cfcjnjfc Ufclfflrc l ftOx ? f-y^f* . iiitc «fc •) 

S^fflZnJK^Sr^fcL-TZn H-rGaAsill 6 + 
fcK <* M 87WBl£§:fl* . L/ f F-T 

I no.i5Gao.85AsvStt^2 7 s 7yK-7"GaAs 
A*y7Jf28> P -GaAs?7*/ K/I30, HffiflM 
ffla^^^bJfp^-GaAs 3 2S-Xtr^df>-r;« 

I/— f 10 www-*. 
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JHfcJWc J -5 1» ft IS t s 
Wiez nM?£l$*Tft£^<^&£fflvvc4*$:< 1 4> 

MB-? x ? IftiEtOif B Z n Wfr £ l&*-f ft Z.tlz& 

£*tt ft z t mwikt&¥mm?cr>$m-m. 

I~mm2] GaAsXIil nP^jfcftgllO^ 

Mez njS?£l&*tft£toc^&£fl!uTd^ t h 

frtevx?iis*ffiofriez nis^^-rs^ t ic«t 
-> x . me?* ? iftttiNTEiii i «o¥#kuc0j* $*i 

* irfft i i: fc ft 

CIS^«3] fTEStt»±, I nz Gai - , As 

(o<z<i ) *^«ft^ti&it#S(t-rfti«*«2ie« 
en i <vnww§(4jis i m9mamLk&*v yr- 

2 g«l!OS(S 2 C7) ? 7 y H 2 sglGEO 3 y ? 9 

[m*«5] ioievx^s(±GaAs*^fife>9. rote 

% 1 <r>¥8#:«li GaAsHWJU. gmS?>« «Lh 
fc-?-*l-?*lA l«Gai-,As (0<x<0. 4 ) frt>& 

afcjKMMLTj* 1 ), iirie$2^^fr^{±. -wi* 

ilAljGai-xAs (0<x<0. 4) A^^ft®20 

iflBA l,Gai-,As (0<x<0. 4) ±9i>X*^ 
dr— df-^ y7"0/h££xe?*^/l^ia>£>j£ft<r £ 

^Me$2o^fr«{±-e^-ffii nP^jRij. we 
n i o^awwiiss i swswxHKJbfcA** 7 r-m. 
mi<7)?y>vm. M/m 1 «v<y rmzmzmm ix 
m&82<r)¥mwmt&2w<v7m±.iz&2m 
»S2«?7 7 Ymjkvw,2mmsL<r)-=iy?? vm 
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LT&ft ; t £1#8iti: i~ ftH^I2fell^ 

llijR«7] SiffBvx^JIfil nP*^j£9> fffiSfB 
1 o?«fMK2 I n P jt^Jfcftm 1 ^mM<7)»R±t-?- 
tlZ'ill nj-A 1 1-jrAs (0<y<l ) #»£>&ftA'-y7 

fcll/CJ*9> wHd%2<D¥mftMii. ZhZiil n, 

Ali-yAs (0<y<l ) *^BRftS&2<0A'"JTB, 

m2mng>com2cr>? y >y fji. a^2*mMo=» y 
10 ? ? t>Ji*mr<K«Jg lt)S o . Hifie«tt®±frta i n y 

Ali- y As (0<y<l) i 0 tl^;^-=ff 77 

m2im(o*mm?. 

im^ms 3 iiiffEvx?jf . Btjia^ 1 w*##:Ji. a 

tfm&& 2 C0¥m#m\iG a A s X{± A l , G a i - , A s 
(0<x<0. 4)*»4>*0. ttEWl^NWMtt. 

20 ^SrK-rUcay^^hflSraitT^ftCltSrltlS 
t-f ftft*JS2fE3fc9¥3ltt5ll?. 

[ft*3R9 1 Mam i &mi/tm* a 

tflWEJB 2 <7)¥m#mi InPX(iIn»Ali-,As 

(0<y<l) MB»1<03NWMK1. ¥*6 

ft^fl2i£^c0^ft^i i . 

30 [ mm i o ] ttE4umM^tt**H&&x t ^ 

^ffixtf ^^^-SSrffl^fto i: Sr#©ftftlf*«2 
[000 1 ] 

x -y f-y^^sa^^^ft^MMwwfwaee 

[0002] 

<0«JBSri£*« rfgfflW »6-7^7# (19 9 8) 

P776-786J m^KMvm^tixti*). ZVM 

so m.ijm<7) i o t LTin 5 t^-r i -5 ^^a* { iiig$^r 



3 

[00 0 3] znumt* 05 (a) tc^rioK. t 

fc¥gftxt?:5>* S^r/l^ 1 0 0±t;^8VvX h 1 
0 2£ffMU *tf>_B;r?X? 1 0 4ZMiTmitt 
h. 05 (B) fc*f J^teWittttx* hx-y 
f-y/tcJ: OrV -y^SO F-/M06 . & 

fc s l/^'XM 0 2£Rfc£U 05 (C) t^id 

«l 0 Olc. SWM^iifiJtSiiJffli*^^^^^ 

ffi, Witf^Taxtf^^i'- (MBE : Mo 1 ecu 
lar Beam E P i t axy ) SWOIf*? 
1108, Pmty-vVMl 10, S.tfpSny?:^ 
ill 1 2S-xt^^^-v;H$*$-tirS^ttJ: , 5 / S7 i o 

6. *l/C, 05 (D) 3 PSMIil 1 6 

*3>??hf§l 12.£(C»j£U ^frxb'^drv-^ 
1 0 OOTWfc nSJTOE 1 1 8 £ J&fctl. i b £ 

[ 0 0 0 4 ] .1 <0 J: ^ fc. ft^ K -y b«jtSi5»SrSttJl 
[0005] 

[«%W!iRfeU:3fc**iWB] LfrL***^ JfcJBfc 

40 . C (#8R) (fc* 
uttJMfiilSffi) <rmK $SttJHM* ( l O nmgJS) 
fcW & W£"CJt(R L tfflftO 2 ftTtM? #F« 

<fc*. ttthh. mum 5 (B) fcjStf-x-jrf-y^ 

[ o o o 6 ] £ *>fc*>. a »; 7Jf it/?Sffi«+cof5S 

[0007]HoT, 44^ H -y h U 

f&tttZottl-;*-*— (nm) tNfX»*F#F 

wPkm^kOff*S££«)X-&<rk, ffcbfc. Wfflfc 
[0008] *»«4s ±EIBH*J!(«t , ^<rtS*ut 

[0009] 
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»** i immm^'mwm^m.-nmt. g 

aAsXfcil nP*^^4^10^#l±tC ZnJS 

^*JS ; ?«^SiJ«P* { ^ : 5rxe^^>'A'^^wJ: -> 

£fflvv£ k tfriBv^^i^Ecofriez nil? 

¥^frJllCyt« H >y t- *9-> £ Bfifc-fSISk . 
10 i-6ik*«ai:-r4. 

[0010] i«»flfcJ:*i», 0Utf*7#FflfjI£ 

ti&TCOM&JjmiZ&^X . GaAs (flt-f^'J^i.) 
Xitl nP (M^yW) «>4>Jfiiffl<02NmM 
Znj^#K-7-£*UtGaAsXJiI nPH 

(^I^H4t^nS*^ipS(0 (100) GaAs 
*K^>. ^^tt*3t^nSt^«ipS<7) (10 0) I 

20 nPS«^fflv^|,c:i:A ? T'#.&. 

[00 1 1 ] -5-tt, ZnH^Sr^*1-|.7tJ6<0^5r 

?&fefrtemMmfflximtz>zbiz*r>x. 

VmicVtmWMlzKftFv W-ytWSfctl. £ 

30 ^X-^. -ex^aa^l^^litctStTBf^ 
^^■fS. -7X^«(tH-7'1-|.ZnJfi 1 0 

4. 

[00 12] ^<7)J:^(c. l^^Xh^blS^$-^<ffl 

v ^^s*w^»KS!ia7-D-bx^teB B B ^^'{t-cfi 
[0013] mrn2mk<rmm<^mnm^i. g a 

40 AsXtelnP^jfcSSIl cO^S^fl t . S^lfiS 
JMMP*«riKrx 4r ^ A«*fc J: o T it . 
ZnIWK-7'§^GaAsX(±I nPK^V 
X^«t. HflleZnM^I^*-r§^cO)§a^ffl^T 
^^ir< t t>«lfevx^l©^S<?DffieZ nm=?£M&t 

&zkiz£~>x, mm^9m&vms£mi^^mm 

[0014] ZOmitzitiK s IS^JB 1 f£»tf)¥3£# 



k 



5 

I. . Z\tUz£ 0 „ «itf*P H -y b is—f-b LXfflfc 

[0 0 15] ZOXoiz. ls s JXb*®Wm££<ft 
v^fcS*B«r5rS«KMTD-texS.U r *IS : Fl)iR^ffl«l 
^-nltgJSrxe^^ i^/Ujfcgfc*<t"r*f H h fcflWW 10 

t h ^PtBBflW3M*Cf V tf) T\ iJt/C i'tfS? F * F 
"^flWl&tf. ZtltzX<0. <vSfflf£&A 

[0 0 16] &*3, ^JB3fctteiiL^J:^(^ MB 

ffittlte. In.Gai-as (0<z<l) frfefiS; 

[oo l 7] if^4CtfBKUfcJ:dC mia 20 

v x ? ji . Miem 1 <?)^fr)i . at^' Miem w^mw 

SI 1 SimSOS«±^^ 7 7 rHB, $ 1 5 7 F 

1. 2i^mi^A->jrsirii<K®«t-c^ , 3. me»2 
o^aMWWia 2 w n' u r ji ±i;:s& 2 ^ms^m 2 ^ ? 
9 7 Hnun 2 a > ? 9 b m *mmm ix 

[0018] ttz. it*jR5^tiaaL^i3(c mie 

7X?»GaAsi>«^ MESH 0¥SWMN1G 
a A s & 1 **ato3HRJbfc*fl**lA 1 , G 30 

ai-.As (0<x<0. 4) K^A'./7T-1, 

gi^57 KJi, at«s 1 wj rm* immm lx 
mffi2<r>¥mwm±. -e^-?^AixGai-,A 

s (0<x<0. 4) *^^S^2tOAUTJi. IS2g 

Mtmammixm. m&smm&A i,Gai-, 

As (0<x<0. 4 ) J: 0 fcX^/^-df-v 7 

[00 1 9] itz. l$%!&6t,zi>imit:£ol,z. mffS 40 
vx?JB. luEmio^*®. fttfiHTES 2 
«i**i«t 1 n pa^jfc 0 „ ffiEJR 1 ?)*i§tt/U±38 

1 mSMO&GLklzrtv 7 7 -IS. %\<r>-7 7v fb. 

mmiw^TmimmmLxtiL*) . mm2co* 
m&v^mmmozy?? bmzm<mmLXf$.h 

®f£.ti-&zkWX'*&. 

[00 20] ifc. lfi*JR7tc:ile«L,^J:?t^ ffle 
•7X?lte I n P*^ 1 ,. mlBIS 1 I n 

Pa»fc*6*l*t£0»K±fc«t'«U n,A I i-y 50 
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As (0<y<l)K^A' 7 7r-l, 8510?? 
•yKl, fttflHl<W"OJ7«£*«SWLTlS9s fiffa 
m20^ftil{i, **V?*U n»A 1 i-,As (0<y 

<i ) *»<ofig;i»m20A'»jrB, ^2^«s^m2^7 
&^2^aM^y^^MSr«<^Jiu 

TJftO. OT5Stt»ifiIiIn,Ali-,As (0<y< 

1 ) <k9ix*/l^~^7ro*£&xe:y-*^;l' 
[002 1] !«^8{3tiei6t^J:dt. file 

Bijiemi^^f*:!. wmm2<r>*mtt. 

KiG a A s Xfi A I.Gai-,As (0<x<0. 4) 

frhm. mmi^mma. xm&omsLtiz 
vz^-*mzm<mm ix& o . mm 2 <r)*m#% 

[0022] it^jg9^i,ie®L-^ct^fc, frfB 

■7x^/1, idem 1 <r>%mm. mfmm2<r*mfo 

nPXIil n,Ali-yAs (0<y<l)A^fig 

0. mis® 1 mmw.m\t. ^n&flmu^^y 
-vmmvsBmbxtfw. MBSS2?)¥gftiii. ^ 

[0023] M«S8XJ4aWSB98B«WfMBt: ±*l 

Wffii&b7V"JX9 (FfiT) S:#i!-f4^tA>'T'# 

I). I 

[00 24] Hl#l^ii«SiJi.tfnax<ip^-e 

%2^m.\t^mx\tvimx%h . t%b*>. m 
immtfnm.<?)%r&(,ziffi2mwmtepmt%*). m 

1 ^SM* 5 p StfO^fctim 2 #«Sli nSk^S. 
[002 5] lf*JBl OtctlBKtTtidtc:. # 

[0026] I«*W1 lfcfcl2«LfcJ:5fc. * 

xe^^i/-^fflv%TSi&ti, i k*s-c^ h. 

[0027] 

[ ^coHJSOJB® ] m 1 3 OT. 

» 1 ustJ^® t lx . ^ < 1 1 mji^ej£ft»jffli*^r 

[0028] 01 (A) fc^tJ:?^. 

^ttf^JfiMUt (100)GaAsStl 2±tcy 
y H-7*G a AsA"7 7 r~M 1 4 5 0 0 n mlt7 



7 

SZnF-7'GaAsJf 1 6£3 nralW^ 

;<50ZnH-rGaAsJll 6 
£>ZnOF-7°i§g{i. lxlO n cm- 3 t'i)S. £0 
gjgtf) F-T»<Di§3\ G a A stHWO 1 0 6 ffl<7)I§> 
TlzM txm 1 IKoSteTZ n mifi-WzMBth . 

[0029] b i-?x?jf oxtr?*;/* 

[00 3 0] ZLX. COj^fefWUSXt**^* 

ifcHswrvwBEisfii£jaafc&»4>--fijR 

OtBU 01 (B) fcjR-f J:3fc9 0* CfclSfcbfcH 
K (H2SO4) co^X'-Mb LTHHa^x'/Fx-yf- 

[003 1] ritfci 0 » HI (C ) (CJjfrfJ: ■Sfcill 

Z n F-7'G a A s 1 1 6 <0Z n« F-7"fili 1 X 1 0 
i7 C m-3f$)2.7t46, GaAs^+OZnH^^4"t> 
b tTJtfe*^» 1 Q nm^HfcflfcfOZ nAPP 

[0032] £:<! 5t\ #Fl*ffVy+/l' , t'«Of : FC 
fi?$3l#ffi«fcf&atl>-»M Xte, 10nmt-r- 
T***jWnMi.TV*4. JJBOJ: ■3tcUT#Jft$*ufc 

^■^xh*). z vmzm^&z fct .tofi^H"/ f 

£. 

[0 0 3 3] 7x y FXyf-y^fcJ: 1h'?M 
8A«$n5^*xXA^oV^TiSBB-f § . 

[0034] GaAs&tf I n P^rifcOIH- Vjifcfb£ 

(GaAsO«^{iAs« ; FfflB) fcSlft*W»fe 
[003 5] -etT, ^ZnK-7GaAsSyi n 

•Si, z n m?#mit:fm<?)ffi&immzfistz 1 1 
iKoGaarawwiu -tcomzm-m&imizfo 

Tzm&t Lxvm.viu}$m?ffiX']mmzmz 

[0 0 3 6] ;oidtZnJR^BaHi*ffEtLT± 
G F v F 1 8tfB&LZtlh?H^ Z nJS^*<G a A s 
(10 0) MnMtmfrbmftcZ. b (C J: vti}3fc£ S ? 
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oftftft F •/ FSlMtfG a A s g&O ( 1 0 0 ) #lffi t 

GaAs (100)^It5;o5:H7W-y 
<O«Saffli:l±ia^fi* { ^-?'ri>0. GaAs&ftiKiS 
(t£xffiXv^yX&ft^Xy?-y;/jlJgcOg:frf£ (ffi 

*a«c*tt ) tzmmtt i><?)X'hi . 

[0037] Ga.As^izV-T^il-fzZnMT 

noh. mmmznm^mRmztiim-zoit. Ga 

A s Wztitft Z n JS^t A s Erf-<n1&&3-*)V*?-<r) 
[0 0 3 8] Z<T)iz>t>. iJa^X^l*^ ♦fWrcSfi* 

^9 0- ctjn^§^oMIJ«+-cx7^y^$tLl» 

b. Zni%=Fcr>te i mW:Z*>bblxmzh$.7a%fe 
Z n F-TG a A s Jg 1 6 RX/Z fUzW^t 
hJV F-7"G a A sA>y 7t — M 1 4 tJgBRS<t4 F 
•y F 1 8 <I(0F 7 F 1 8(±X>yf >/^fl§!tW 

[0039] Z<7)£ 0 fc. *Hit^«T(i, a*wc^ 

20 -y^jj£7-n-bx^T'J:<fflv^itl,*li^^FX»i 

iwui»t^<fflv^K. «*w^a«5aa?7'a-fex^ 

JW*«JtT F v F £ % & fcft . F •/ F ffM 

t^bh^mnco^mnmmb^h. 

[0 04 0] Hi&Ltikiiz, xf^=Srv+;H^Bfc 
v ^cT-d - t x^fc J •? •? S t til b . tg^r 

30 SHk^S^\ #HBBT'(2. xtf^^^^KlTfc 
SZnF-rGaAsfll 6$:^^ t LTfiJffl-T&fc: 

[004 1 ] xt^dfv-v^Bo^^SfcLT 
^Hi 1 * *J «T5I^X t ^ Jf. * ^ & fz 

it>. mm=Fiatt?*i,-tf-Bj&b% r ). -?x?b% 
hx.v?*is*r>vmi,mffi :: Fmnrg.com>xm^m*B 

Htf-Z>c\b1)<*!mb%l. ZtliZ**). 

mh Z b te$r*fc*>, ro-txISU-io 

[00423 ttz, ^vi-y^mium-ttzbxv' 

m.^h-^yyms.^wm-hzbXY-y F^sse 
•fcwmi**. F / hmm^m-^izmtxn. zn 

F - tr y ^'x ^ v-v «t h fznb® 

[ 0 0 4 3 ] *l?i©8®T{i, KiTSffioaSSr 
9 0* Cldftjgl/O**^ }ffiiOffl«**<1-5i:x 

•y^>'/3SJS* s itS[(C^|,0-Cs F </ F 1 8W -f X 
50 (±BOSf££tf$$) fcJ6tT«Ki:«IBS:IB&f* 
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xmmx o t> i niffl^^#v^o^7c«^#Fffiit. 



[0044] tii s ±%£Z'l£¥im& (100) GaA t&fc^l? F >y F 2 7 B fcJBBKf* . £*>*3fcGa 
s»Kl 2fttfZ n H-rGaAsll 6*fflV^fc#. AsSK±t3EP]IBPK*>K'y F^-i'fcJWftU £ 
I nPii&VZnK-7I n Pxtf?*y-v;H£ffl fit I n G a A s t^=>f y-v f fc^t I 



[0 0 4 5] [JH2HJBBIII] *fc. *«Wtf)W2iai ^Applied Physics letters 

«)Bh ix. jbi«bbbt8W!Usf ym&m e i*7# < 1 9 9 2*) 8 1 3irfcE«a*iTi3 



[ 0 0 4 6 ] 02 ^-iOSSaSi^IS 10 iryuaHKteji*^)^*!^— f - i: P>l8l<7>m®»"o 

A^StlTV^. jfe-f. 02 (A) fcjj^idfc, «£ -bXSrSIU WBBftfflp* -Ga A s 37?? FS3 

tf (100) SiK-rGaAsSS2 0 (Si{@«: 2«0±ffi!lfcpS«&3 4fcttftU (10 0) Si F— 

3X1 0 1 8 cm-3 ) _Bcn-GaAsA.y7r-Jl 7*G a Asg$2 0<7>TW::nS®&3 6£$j£-f Si 

22(Si&J£:3xl0 ,8 cm-3)£l00nm tCiO. Ifp'yM'-f-l 0#ftli$flS. 

x fcf ? * 5/ J: •) J&£-f S . ( 0 0 5 4 ] £ 04? F -y F V-<f- 1 0 fcTOBfriW 

[0047] JjCt, n-GaAs??? FS24S50 i^3ftjtm-7*0#<«4-fiJ¥$* 5 1 0 nm«92& 

0nmxe?*y*/Hfc£fcJ:9»£1-6. CO 7&ftT#FJI2 7 Afc«fiatf#, *?F*F27B*> 

n-GaAs?7-yF«24<7)S i<9F-7«J»;i2X ;fr#fia^^*/l^--^^V^Cs 

10'"cm-»t»i, Ji 2&tcS^#FJI 2 7 A*^»^ F -y F 2 7 B A^ix 

[0048] &C /yF-7-GaAs^'yTS26Sr 20 &^ F-y F27 B^^s#«-^©^-Ci^!ftaj 

15nmXt'?*^/M£iliCj;9f?f£U £jg.lLU— - FHra&WBS*. 

BB(Cfe(t5VX?l(^5@^i-|.ZnF-rGaAsJl [0055] ■lO.t'pC aWWttWrCtt* ilfl&<^:? 

16 (ZnM: 1X10 1 7 cm" 3 ) Bnralt -yBfc?u*XWt'ii<ft^t>tlhM®\''J*YJi± 

[0049] *LT» Cl^iofcLT^UcXtr^dr -y a y? l/-0»fraffi* { »££*ll>. COfcA. * 

y-Wl-SIK 1 1 fc^bfc^MBEaafcfrfc-fiJROHJ ^F^rn^Ht^^^t^S^ftflSfitf^^ 

U 02 ( B ) fcjj*t J: oK9 0' CfcanJRLfc«» V«DT\ aASft^mWtlfc/lfc'^T 2&7C»i 1 #F 

(H2SO4) <Z>4>T\ —Mt LT 1^0X7 i-y-f-t M 2 7 A#>£> 0 ^TCft^FS-f KfrhMrf- F y F 2 7 

5. Fx-yf-y^Ci.fc'X ±ieSgljHfiJS!S B'v«ft&*, JWft<«ttWciiAS^60fl/-1f 

F-TGaAsJfl 6*^yyF-TGaAsA»JTl [0056] X-yf-y^^HSrWff-f tCfcTK 
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ABSTRACT : 

PROBLEM TO BE SOLVED: To provide a manufacturing method 
of a semiconductor 

device for forming an extremely thin dot pattern in a 
nanometer size on a 

semiconductor layer, and the semiconductor device for 
inhibiting deterioration 

in operating characteristics by the manufacturing method. 



SOLUTION: An n+-GaAs buffer layer 22, an n-GaAs clad 
layer 24, a non- doped 

GaAs barrier layer 26, and a Zn-doped GaAs layer 16 are 



J 



4 

» 

subjected to an 

epitaxial growth on a (100) Si-doped GaAs substrate 20 for 
etching by sulfuric 

acid heated to 90°C for one minute, thus forming a dot 
18 in the Zn-doped 

GaAs layer 16 with the uppermost surface Zn atom as a 
nucleus. Then, rinsing 

is made for allowing a non-doped InO . 15GaO . 85As active 
layer 27, a non-doped 

GaAs barrier layer 28, a p-GaAs clad layer 30, and a 
contact layer for p+-GaAs 

32 for forming electrodes to be subjected to the epitaxial 
growth. A p-type 

electrode and an n-type electrode 36 are formed, thus 
manufacturing a quantum 
dot laser 10. 
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